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One of the most difficult problems facing the pathologist investigating a fatal aircraft accident is assessing the significance of coronary artery disease found in the aircrew.
Cardiovascular disease is a predominant cause of loss of licence among British professional pilots arid accounts for about two-thirds of loss of licence for medical reasons; indeed, for practical purposes, it is the only medical disorder presenting as a significant threat to flight safety. Several factors make it difficult to measure the accident-provoking role of cardiovascular disease.
. (I) The amount of stress and the demand on the cardiovascular system at any given moment is not quantifiable.
(2) Some cardiovascular conditions can cause pilot incapacitation but are not demonstrable at autopsy; for example, acute coronary insufficiency leading to myocardial ischaemia and arryhthmias. (3) Trauma may mask pre-existing disease; it can be very difficult to interpret the significance of haemorrhage due to trauma to the coronary arteries superimposed upon pre-accident haemorrhage into atheromatous plaque. (4) There may be no living witness to the behaviour of the stricken pilot during the last moments of his life.
When circumstances suggest that a pilot may have been incapacitated and severe coronary artery disease is present, it is often impossible to state with any degree of certainty that the condition was the cause of any such incapacity. This is the fundamental problem facing the aviation pathologist in fatal aircraft accidents when a pilot is found to have severe coronary artery disease.
As coronary artery disease can be an incidental finding, a contributory factor, or even the cause of the accident, investigation of the circumstances and a search of the medical history are key phases in the medical investigation of aircraft accidents where the aircrew are found to have preexisting cardiovascular disease.
Information of the incidence of coronary artery disease in normal healthy populations and aircrew has been accumulated over the years (Table I) , and helps the pathologist to assess the significance of coronary atherosclerosis found in a pilot. The differences between the Vietnam and Korean casualties, in the autopsy findings of significant coronary atherosclerosis, are impressive. A possible explanation for these findings has been advanced by Macomber (1971) , who suggested that the difference in climate between the two countries could be a factor.
In a small personal series investigating 68 aircrew killed in 47 fatal aircraft accidents, there Were 38 military, 6 professional and 24 private pilots with a mean age of 33.1 years (range 17- and Tropical Medicine between 1968 and 1977 is in press (1979 ; of the 114 military aircrew, 94.6% were under 40 years of age, and as age is an important factor to take into account when considering the incidence of coronary artery disease, it is therefore advisable to consider military aircrew as a separate group. Great caution is needed before attributing an accident to incapacitation of a pilot from coronary insufficiency purely on the basis of finding severe atherosclerosis of a main vessel at autopsy. The first prerequisite is that the pathological investigation should be thorough and include a detailed histological investigation of the coronary arteries and the heart; whenever possible, it is our practice to take the whole heart at autopsy and carry out further detailed study subsequently. There is insufficient time for myocardial changes to develop if coronary insufficiency in flight precipitates a fatal accident, as the disease process is interrupted by traumatic death.
There are a number of pathological findings which may help the pathologist to assess the significance of coronary artery disease in the context of accident causation. (I) The extent of atherosclerosis both in respect of the number of vessels involved and the degree of obstruction of the artery or arteries.
(2) The presence of degenerative changes and recanalization within an atheromatous plaque. Degenerative changes, calcification and recanalization have all been shown to be of serious pathological significance and especially associated with sudden incapacitation. (3) The presence of fibrin or free iron within the atheromatous plaque may indicate previous haemorrhage. (4) Areas of necrosis: the so-called 'atheromatous abscess' may rupture into the lumen and lead to acute occlusion. Friedman (I nl) has suggested that almost all thrombi are due to erosion of a necrotic focus. (5) Adventitial infiltration of lymphocytes, thought to be caused by a local anoxia following reflex vascular spasm (Gerlis 1956 ), may be regarded as an indication that coronary artery disease was probably directly associated with the cause of death.
(6) Subintimal haemorrhages have been found in a number of cases, but it is difficult to decide whether they are due to natural disease or are the result of trauma. However, traumatic haemorrhage is usually adventitial whereas traumatic subintimal haemorrhage on its own is rare. Pre-accident haemorrhage into an atheromatous plaque is usually very localized and often only discovered after much searching; it may lead to rupture of the plaque, although the haemorrhage is more likely to follow the rupture than precede it. (7) History and evidence of previous infarction are obviously important factors, as the probability of sudden death in persons who have recovered from myocardial infarction is known to be high. (8) Heart weights in excess of 400 g may be of significance. It has been noted by Matova (1976) that heart weights were above normal in a high percentage of cases of sudden death occurring in the older age groups with coronary artery disease.
It is important to keep the subject of heart disease in pilots and related accidents in the right perspective. In the United Kingdom in the last 15 years, no scheduled aircraft has been lost solely due to the incapacitation of a pilot with cardiovascular disease or other medical causes, although coronary artery disease was 'an underlying' cause for the loss of the Trident (G-ARPI) at Staines in 1972 (Department of Trade 1973).
In 1959 Glantz & Stembridge reviewed available aircraft accident reports in the United States on 156cases with coronary atherosclerosis. In 83% of the cases there were considered to be adequate explanations for the cause of the accident; but in 9 cases (6%) where the cause of the accident was unknown, significant coronary disease was found and gave rise to speculation as to whether the atherosclerosis caused or attributed to the accident. In 3 cases (2%) a definite coronary insufficiency or myocardial infarction was shown; 2 of these cases did not cause an accident because the co-pilot promptly took over control of the aircraft.
. Hypertension presents no real problem, because medical examinations of the pilot are mandatory and will detect the disease (resulting in his removal from flying duties) before he presents with serious complications. However, the implications of coronary ischaemic heart disease are not straightforward, because a fatal attack may be the first presenting sign of preexisting disease (Kuller et al. 1966 , Lovell & Primeas 1971 . The following cases illustrate the difficulties in interpreting the significance of coronary atherosclerosis.
In December 1974an aircraft crashed at night about 6 minutes after take-off, killing the pilot and 7 passengers. The pilot, aged 51, had had his CPL renewal medical examination exactly one month before the accident, when his blood pressure was recorded as 120/80; his ECG was within normal limits, and this was confirmed on post-accident review. The pilot's wife said he had been in the best of health and had not complained of even minor symptoms, and his general practitioner had not seen him for a considerable time. Autopsy examination revealed no evidence·of previous or recent infarction. Both the main coronary arteries showed severe Grade 2 atherosclerosis, but the right artery was of particular interest in that the lumen was restricted to about 10% of its original diameter and 2 em from the origin there was a large atheromatous plaque at the edge of which was a recent haemorrhage. The pathologist investigating the accident concluded that the appearances were compatible with natural disease, and that the pilot was incapacitated by acute coronary insufficiency sometime during the 6 minutes between take-off and the accident. The conclusion reached in the official report Department of Trade 1975) was that 'it appears extremely probable that the pilot became Incapacitated in the air following an acute coronary episode and the control of the aircraft was lost'.
In another accident, in 1975, an aircraft crashed 3 minutes after take-off, killing the pilot Who was aged 36. There-was no evidence of mechanical malfunction or failure of the aircraft.
The pilot had had his last licence medical examination some 6 months before his death at which time his blood pressure was recorded as 134/83, and his EeG was reported to be within normal limits. At autopsy the descending branch of the left coronary artery showed an area of severe atherosclerosis some 2 em below its origin with over 90% narrowing of the lumen. There was no evidence of acute coronary disease or vascular accident, and the myocardium showed no eVidence of fibrosis or recent disease. There could be no certainty that the coronary artery disease caused the accident, but in the official report (Department of Trade 1976) it was concluded that 'although no cause for the descent into the ground could be definitely established, there was sufficient medical evidence to support the theory that the pilot suffered symptoms of coronary artery disease that was sufficiently serious to impair his ability to land the aircraft safely'. In a third case, a pilot in his early 40s was carrying out air tests for a Certificate of Airworthiness in a twin-engined light aircraft which failed to recover from a stall and crashed. At autopsy, the pericardium was torn and the heart (350 g) showed ruptures of both left and right auricles and a 4 cm tear over the apex of the left ventricle. The wall of the left ventricle measured 15 mm in thickness and showed small streaks of fibrosis. On the posterior wall of the right ventricle was a well-defined area of fibrosis measuring 2 x 1.5 em. The left main coronary artery showed a moderate degree of atherosclerosis with about 50% narrowing of the lumen. The right main coronary artery showed a very severe degree of longstanding atherosclerosis with pinhole recanalization, and I em from the origin of the artery it appeared to be almost totally occluded. Histological examination of the myocardium confirmed the gross findings, and a longstanding atherosclerosis of the left coronary artery with calcification and heavy infiltration of the adventitia with lymphocytes. The right main coronary artery was totally occluded by organized thrombus which had been penetrated by many endothelialized channels, and a number of small capillaries. In addition to a small deposit of fibrin and free iron there was evidence of a very recent haemorrhage. The adventitia showed areas of heavy infiltration with lymphocytes. There was a considerable difference of opinion as to whether the haemorrhage was spontaneous or due to trauma superimposed upon pre-existing arterial disease, but it was finally concluded that the haemorrhage was due to disease. A review of the medical history revealed that the pilot had been admitted to hospital with a myocardial infarction 20 months before his death. It was thought highly probable that coronary artery disease of this severity could have led to an attack of acute coronary insufficiency at any time (and there was abundant pathological evidence to support the occurrence of such an event), and that the pilot's failure to recover from a stall was the result of incapacitation. The conclusion reached in the official report (Department of Trade 1977) was that 'the accident resulted from the failure to recover from a spin which occurred during the stall. The reason for the spin entry could not be determined, but the possibility that the pilot became incapacitated cannot be dismissed'.
In conclusion, when presented with a case where a pilot with severe coronary artery disease but without thrombosis has been killed in an unexplained accident, even after carefully assessing all the circumstantial and pathological findings one may be unable to reach a firm conclusion as to whether the coronary artery disease is an incidental finding, a possible or probable cause, or a highly probable cause of the accident.
